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Description 

Background of the Invention 

5 [0001 ] The field of clinical chemistry is concerned with the detection and quantification of various substances in body 
fluids. In one important aspect of this field, the concentration of naturally occurring substances, such as cholesterol or 
glucose, in an individual's blood is determined. One of the most frequently used analytical devices in clinical chemistry 
for a blood sample is the test strip. Upon contacting the test strip with the blood sample, certain reagents incorporated 
into the test strip react with the analyte to be determined to provide a detectable signal. The signal may be a change 

10 jn color as in the case of a colorimetric sensor or a change in current when an electrochemical system is used to 
measure the amount of electrons resulting from the reaction between the analyte and the reagent system which is 
proportional to the concentration of the analyte in the blood sample being tested. Those systems which employ an 
enzyme in the reagent system may be referred to as biosensors since they rely on the interaction of the enzyme (a 
biological material) with the analyte to provide the detectable response. For example, in the case where glucose is the 

is analyte, the reaction with glucose oxidase and oxygen is represented by equation (A). 



glucose + 0 2 ?lucoae oxidase < G0) > gluconolactone + H 2 0 2 

20 

(A) 



25 [0002] In a colorimetric assay, the released hydrogen peroxide, in the presence of peroxidase, causes a color change 
in a redox indicator which color change is proportional to the level of glucose in the test fluid. While colorimetric tests 
can be made semi-quantitative by the use of color charts for comparison of the color change of the redox indicator 
with the color change obtained using test fluids of known glucose concentration, and can be rendered more highly 
quantitative by reading the result with a spectrophotometric instrument, the results are generally not as accurate nor 

30 are they obtained as quickly as those which can be obtained with the use of a biosensor which relies on an electro- 
chemical response to determine the concentration of the analyte. Aside from its greater accuracy, an electrochemical 
biosensor generates an electrical signal which can be measured directly thereby facilitating a simplified instrument 
design. 

[0003] Referring to the above equation (A), a suitable electrode can measure the formation of H 2 0 2 by its electroox- 
35 idation at the surface of the electrode according to equation (B): 

H 2 0 2 ->0 2 + 2H + +2e' (B) 

^0 [0004] The oxidation current measured at the electrode is directly proportional to the concentration of glucose in the 
blood sample being tested. 

[0005] In the initial step of the reaction represented by equation (A), glucose present in the test sample converts the 
oxidized flavin adenine dinucleotide (FAD) center of the enzyme into its reduced form (FADH 2 ). Because these redox 
centers are essentially electrically insulated by the enzyme's glycosylated protein shell, direct electron transfer to the 
4 $ surface of a conventional electrode does not occur to any measurable degree in the absence of an unacceptedly high 
cell voltage. An improvement to this system involves the use of a nonphysiological redox coupling between the electrode 
and the enzyme to shuttle the electrons between the (FADH 2 ) and the electrode represented by the following scheme 
in which the redox coupler, typically referred to as a mediator, is represented by M: 

50 

Glucose + GO(FAD) -» gluconolactone + GO(FADH 2 ) 
GO(FADH 2 ) + 2M ox -» GO(FAD) + 2M red + 2H + 

55 

2M red -> 2M ox + 2e' (at the electrode) 
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[0006] In this scheme, GO(FAD) represents the oxidized form of glucose oxidase and GO(FADH 2 ) indicates its re- 
duced form. The mediating species M ox /M red shuttles electrons from the reduced enzyme to the electrode thereby 
oxidizing the enzyme to cause its regeneration in situ. 

[0007] Many compounds are useful as mediators due to their ability to accept electrons from the reduced enzyme 
5 and transfer them to the electrode. Among.the mediators known to be useful as electron transfer agents in analytical 
determinations are the substituted benzo- and naphthoquinones disclosed in U.S. Patent 4,746,607; the N-oxides, 
nitroso compounds", hydroxylamines and oxines specifically disclosed in EP 0*354 441 ; the flavins, phenazines, phe- 
* ^nothiazines.Mndophenols.-substituted-l^-benzoquinones and indamins disclosed m EP 0 330*51 7 and'the phenazin- 
ium/phenoxazinium salts described in U.S. Patent 3,791 ,988. A comprehensive review of electrochemical mediators 
10 of biological redox systems can be found in Analytica Clinica Acta . 140 (1982), Pp 1-18. 

[0008] Among the more venerable mediators is hexacyanoferrate, also known as ferricyanide, which is discussed 
by Schlapfer et al in Clinica Chimica Acta ., 57 (1974), Pp. 283-289. In U.S. Patent 4,929,545 there is disclosed the 
use of a soluble ferricyanide compound in combination with a soluble ferric compound in a composition for enzymatically 
determining an analyte in a sample. Substituting ferricyanide for oxygen in equation (A) provides: 

15 ' 



Glucose + 2 Fe w (CN) 3 " 6 - s -> gluconolactone + 2 Fe**(CN) 4 ~ 6 

20 

since the ferricyanide is reduced to ferrocyanide by its acceptance of electrons from the glucose oxidase enzyme. 
[0009] Another way of expressing this reaction is by use of the following set of equations (C): 

25 Glucose + GO(FAD) -» Gluconolactone + GO(FADH 2 ) 

GO(FADH 2 ) + 2 Fe(CN 3 ) 3 " 6 -> GO(FAD) + 2 Fe(CN) 6 * + 2H + 

2 Fe(CN) 6 4 " -> 2 Fe(CN) 6 3 * + 2e~ (at the electrode) (C) 

30 

The electrons released are directly equivalent to the amount of glucose in the blood sample and can be related thereto 
by measurement of the current which is produced through the fluid upon application of a potential thereto. 
[0010] As is apparent from the above description, a necessary attribute of a mediator is the ability to remain in the 
oxidized state under the conditions present on the electrode surface prior to the use of the electrochemical sensor. 

35 Any reduction of the mediator will increase the background current resulting in the reading of the sensor being biased. 
These mediators do tend to be reduced overtime, especially under conditions of stress, thereby diminishing the use- 
fulness of the sensors to which they are applied. This reduction of the mediator can be reversed by the application of 
a positive potential pulse to the electrode bearing the mediator to return at least a portion to its oxidized form. The 
application of this pulse to the electrode, referred to hereafter as burn-off, provides a current between the electrodes 

40 which can be measured. After the burn-off pulse is maintained for a predetermined period of time, usually for a few 
seconds, the system is switched off to provide an open circuit for a set delay period whereupon the analyte concentration 
is determined by applying a second potential between the electrodes and measuring the resulting current to provide 
the read current. The dynamic current profile, i.e. the change of current with time, is characteristic for the sensing 
system and the sample being tested. The ratio of read current to burn current (R/B) provides a way to express the 

45 characteristics of the dynamic current profile. 

[0011] It is necessary that clinical analyses of the type described above are accurate. User control solutions can be 
used to verify this accuracy by determining whether the testing meter and/or the sensors of the sensing device are 
working properly. A user control solution is tested for quality control purposes and is not used for calibration. Existing 
commercial user control solutions include that disclosed in WO 93/21 928-A which contains water, a predetermined 

50 amount of glucose, xanthan, phosphate as a reaction rate regulator and fixed human or bovine red blood cells. 

[0012] In WO 95/13535, there is disclosed a non-serum based control reagent containing water, a predetermined 
amount of glucose and a dihydroxy alcohol having more than 5 carbon atoms, preferably dipropylene glycol. 
[0013] There is disclosed in WO 95/13536 a serum-free control reagent for glucose determination which comprises 
a mixture of a predetermined amount of glucose, water, a clay mineral, a buffer, a preservative, a surfactant and a 

55 colored or color forming compound. 

[001 4] Although the existing commercial control solutions serve the purpose of checking whether the glucose meas- 
uring system is working properly, the meter cannot determine whether the sample tested is a control solution or a true 
blood sample. This can create a problem with the use of meters having an auto memory function in which the testing 
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results are automatically stored in a memory unit, so that the blood glucose profile over a period of time can be down- 
loaded from the data memory, analyzed and used for medical purposes. Since the system cannot distinguish between 
the control solution and blood, both values will be recorded in the memory system, and, if not removed, the results 
from the control solution will skew the glucose profile contained in the memory. This problem can be ameliorated by 
5 providing the meter with a mechanism whereby the results obtained using the control solution can be* deleted from the 
memory upon completion of the test. Some commercially available glucose meters provide a manual deletion protocol. 
However, this manual deletion technique is not fail-safe because of the possibility that the user will forget or neglect 
to remove the control data from the memory. 

[0015] It would be desirable and it is an object of the present invention to provide a control solution and a method 
10 for testing an amperometric sensing device which automatically allow the sensing device to detect when a control 
solution rather than blood is being tested. 

[0016] It is a further object to provide such a method in which the sensing device has a memory system which 
automatically excludes the data generated using the control solution from the memory unit for blood data. 
[0017] These objects are achieved by the formulation of a control solution which generates current profiles of the 
is burn-off and the read period which are distinguishable from those which are generated from a blood sample. 

Summary of the Invention 

[0018] The present invention is an aqueous control solution for testing the performance of an electrochemical sensing 
20 device useful for determining the concentration of an analyte in a blood sample. The device comprises a working 
electrode and a reference electrode. The working electrode has on its surface a composition comprising an enzyme 
specific for the analyte and a mediator which is a species reduced in response to a reaction between the analyte and 
the enzyme. The concentration of the analyte is determined as a function of the current which passes through the 
working electrode. During the operation of the device to determine the concentration of analyte in blood, there is created 
25 a dynamic current profile which is measured by a meter in electrical connection with the sensing device. 

[0019] In order to test the proper functioning of the meter and the sensing device, a control solution, containing a 
known amount of analyte, can be used. The present invention involves the use of a control solution which is designed 
to provide a dynamic current profile which is distinctly different from that which would be obtained with blood. The 
control solution comprising an organic solvent and/or an oxidizing agent. When the meter is connected to a memory 
30 system which records each separate analysis, the memory system can be designed to accept only those readings 
which correspond to the dynamic current profile produced by a blood sample and exclude those produced using the 
control solution. In this manner, the memory system avoids being skewed by the inclusion of readings obtained using 
the control solution which is not indicative of the analyte level in the blood of the user of the analyte measuring device. 
[0020] Also included within the scope of the present invention is a method of testing the performance of the electro- 
ns chemical sensing device using a control solution as described above. 

Description of the Invention 

[0021] The object of the present invention is the provision of a control solution which produces a dynamic current 
40 profile which can be recognized as different from that of blood by the measuring device's microprocessor and is there- 
fore excludable from the memory system. This invention uses either of two techniques by which the dynamic current 
profile produced by the control solution can be altered. The first technique is adding into the aqueous control solution 
an organic solvent which is a poor solvent for the redox mediator, the rate of dissolution of the mediator will be de- 
creased, i.e. the concentration of the mediator in the test solution will be decreased in the early stage of the test (the 
^5 burn period) thereby decreasing the burn current relative to the read current at a given analyte concentration and 
resulting in a dynamic current profile which is different from that generated by a pure aqueous test sample like blood. 
The second technique is reducing the burn current by incorporating an oxidizing agent at an adequate concentration 
in the control solution. When a control solution containing an oxidizing agent is tested, the reduced mediator, upon 
dissolution, will be oxidized immediately by the oxidizing agent. In other words, the oxidizing agent will short circuit the 
so electrons flowing from the reduced mediator to the surface of the electrode, resulting in a decrease in the burn current. 
At an adequate concentration, the oxidizing agent will be depleted during the bum period, and the read current will be 
significantly affected. This again results in a dynamic current profile which is different from that generated by a test 
sample free of the oxidizing agent. 

[0022] The characteristics of the dynamic current profile can be expressed in certain ways and the corresponding 
55 criteria functions can be set in the microprocessor for the meter to meter to recognize different current profiles and in 
turn to recognize different samples, control or blood. For example, example, the rate of change in burn current can be 
used to express the characteristic or the shape of the dynamic burn burn current profile. When a blood sample is tested, 
the chemistry reagent of the sensor is quickly rehydrated and the burn current exhibits a fast monotonic decay after a 
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couple of seconds into the test, so that the rate of rate of change in the burn current is high and it bears a negative 
sign. However, when the test sample is a control solution, either containing an organic solvent or an oxidizing agent, 
not only the burn current is decreased but the rate of change in the burn current is also altered to show a slow increase, 
i.e. the rate of change in the burn current is low and it bears a positive sign for a control solution. Therefore, the rate 

5 of change in the burn current can be set as a criterion function: when the rate of change in the burn current is high and 
bears a negative sign, the sample tested is blood; when the rate of change in the burn current is low and bears a 
positive sign, the sample tested is a control solution. Alternatively, it is possible to use the ratio of the read current to 
the burn current (R/B) io express the difference in the dynamic current profiles for a blood sample and a control solution. 
As discussed above, the burn current is decreased by the addition of an organic solvent or an oxidizing agent to the 

10 control solution while the read current is not significantly affected; accordingly the R/B ratio is greater for a control 
solution than for a blood sample. A R/B function can be set as the criterion: when R/B is greater than a certain value, 
the test material is a control solution; when R/B is smaller than that value, the test material is a blood sample. 
[0023] In a preferred embodiment of the present invention, the dynamic current profile of the sensor is determined 
by applying an initial potential across the electrodes of the sensing device to oxidize at least a portion of the mediator 

is which has undergone reduction and measuring the current which flows between the electrodes to provide a burn 
current. At this point the system is switched to an open circuit, i.e. the potential applied to the electrodes is terminated 
and the output impedance of the electronic circuit on the two electrodes of the sensor is infinitely high for a set delay 
period after which the concentration of the analyte is determined by applying a second potential between the electrodes 
and measuring the current which flows between them to provide a read current. The characteristic of the dynamic 

20 current profile can be expressed by the ratio of the read current to the burn current. 

[0024] The control solution is a water based composition which contains four basic elements. They are: 

a) a polymeric material which mimics the fluid mechanics of blood, i.e. exhibits the viscosity and diff usional behavior 
of electrolytes in blood. Suitable polymers include polyethylene oxide, polyhydroxyethyl methacrylate and polyvinyl 
25 pyrolidone. Typically, the control solution will contain from 12 to 20% (w/v) of one or more of these polymeric 

ingredients. 

[0025] The second basic ingredient is a predetermined amount of the analyte. The concentration of the analyte Is 
not critical so long as it falls within the concentration limits which the analyzer is capable of detecting. Various analytes 
30 can be measured by the type of analyzer under consideration, e.g. cholesterol, alcohol, glutamate, lactate and glucose 
provided that the appropriate enzymes are applied to the working electrode. In the case of a sensing device for the 
determination of glucose in which the enzyme is glucose oxidase, the concentration of glucose in the control solution 
will typically range from 30 to 400 mg/dL. 

[0026] The control solution is buffered to a pH in the range of from 4.8 to 7.5 for the optimum and reproducible 
35 performance of the sensor. The particular buffer employed is not critical; preferred buffers include citric acid/sodium 
citrate, phosphoric acid or sodium phosphate in sufficient quantity to maintain the control solution's pH within the desired 
range. 

[0027] Finally, there is included in the control solution a material which affects the sensor in a manner which causes 
it to provide a dynamic current profile which is distinctly different than that of blood without substantially affecting the 

40 sensor's enzyme. One way to express the characteristic of the dynamic current profile Is to use the ratio of the read 
current to the burn current (R/B). By programming the analyzer's microprocessor to accept only those results whose 
R/B ratios conform to a pre-set range, those tests which provide a R/B ratio outside that range are automatically 
excluded. The dynamic current profile of a test using the sensor as previously described is most conveniently altered 
by adding an Ingredient to the control solution which affects the function of the mediator. For example, ethylene glycol 

^5 can be added to the control solution to cause the solution to dissolve the mediator more slowly than would be the case 
if the control solution were totally an aqueous based system. Thus, in the case where ferricyanide is the mediator, the 
addition of 15 to 50% (w/v) ethylene glycol will slow the dissolution of mediator sufficiently to provide a control solution 
with dynamic current profile (thus an R/B ratio) sufficiently distinct from that obtained using blood for the microprocessor 
to recognize it as non-blood sample and not enter it into the memory. The slowing of the dissolution rate of the mediator 

50 causes the increase in the R/B ratio since the burn current is decreased to a much greater degree that the read current. 
Examples of other additives which can be added to the control solution to slow down the dissolution rate of the mediator 
include N-methylpyrrolidone and N-propanol. All additives to the control solution must, of course, be compatible with 
the enzyme present In the reagent. 

[0028] Additives can be added to the control solution to change its dynamic current profile by means other than 
55 slowing the dissolution rate of the mediator. Namely, an oxidizing agent can be added to partially oxidize the mediator. 
This will affect the dynamic current profile by decreasing the burn current due to the short circuit of the electrons flowing 
from the reduced mediator to the electrode. Suitable oxidizing agents include potassium permanganate, potassium 
perchromate, potassium dichromate, sodium perchlorate and sodium periodate. By selecting a suitable concentration 
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of oxidizing agent, it will be depleted during the burn period, and the read current will not be significantly affected. Thus, 
the R/B ratio will be increased for the control. 

[0029] The method of practicing the present invention is further illustrated by the following example: 
5 Example I 

A. (Formulating the Control Solution) 

'[0030] The control stock, containing everything but glucose in the control solution, was made in two main steps: 

w 

i) making the PVP stock (polyvinyl pyrrolidone solution in citrate buffer). The composition of the PVP stock is given 
in Table 1. 



Table 1 



15 



20 



Ingredient 


quantity, gram/liter 


PVP 


220 


Sodium borohydride 


0.969 


Citric acid 


9.83 


Sodium citrate 


28.00 


Sodium benzoate 


2.00 


Dl water 


q.s. to 1 L 



The PVP was added very slowly to water, with vigorous stirring, until dissolved. Sodium borohydrate was then 
added slowly with gentle stirring to reduce the oxidizing impurities possibly carried over from the polymerization 
process. Upon completion of the reaction, citric acid was added to bring the pH down in order to decompose any 
unreacted borohydride. Finally, sodium citrate was added to bring the pH to the desired level of 5.0. 
ii) adding ethylene glycol and red dye to the PVP stock. The control stock was made by mixing 75 parts (by volume) 
of PVP stock with 25 parts of ethylene glycol. FD&C Red Dye #40 is added to a concentration of 0.4 g per liter of 
control stock to give the control solution a deep red color which mimics blood in appearance. Glucose was added 
to the control solution at three levels: 



Low 


97 mg/dL 


Normal 


152 mg/dL 


High 


371 mg/dL 



B. (Testing With A Blood Sample And With A Control Solution) 

[0031] With the meter turned on and a sensor in the sensing position, i.e. the contact pads on the electrodes of the 
sensor are in contact with the electronic circuit of the meter, the electrodes were subjected to a potential of 0.4 volts. 
The sample (blood or control solution) was applied to the sensor whose working electrode carried glucose oxidase 
and ferricyanide which, in the presence of glucose, enter into the previously described electrochemical reaction to 
provide electrons. Upon being wetted by the sample, the meter detects a current spike and starts the timing for the 
test which lasts 30 seconds, the first 1 0 seconds of which is the bum period. At the 10^ second of the test, the burn 
current was recorded (i bU m) and tne potential applied to the electrodes terminated leaving an open circuit between the 
electrodes. The open circuit condition, referred to as the "waiting period", was maintained for 10 seconds to allow the 
reaction between the glucose and reagent to proceed. At the 20^2 second of the test, a potential of 0.4 volts was again 
applied to the electrodes to start the 1 0 second read period. At the 30^ second of the test the read current (i read ) was 
recorded and the potential applied to the electrodes terminated. This completed the test. Figure 1 depicts the current 
profiles for blood (WB) and control testing. The recorded currents were: 



WB 


'burn ~~ 


1586 (nA) 


i read =1127 (nA) 


Control 


'burn = 


865 (nA) 


i read = 955 (nA) 
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C. (Detecting A Control Sample By The Meter) 

[0032] From Figure 1 it can be seen that the dynamic current profile obtained with the control solution is distinctly 
different from that obtained with blood. The burn current shows a monotonic slow increase with time for the control, 
while for the blood sample the burn current, except at the very beginning of the test, shows a fast decay with time. 
Using the ratio of read current.to.the.burn current one can. quantify the difference in current profiles. 
[0033] At the completion of the tesj.the microprocessor^ the meter calculates the glucose value according to equa- 
tion (1). 

G = ('read " 370.73)/9.33 mg/dL (1) 
and calculates the ratio of the read current to the burn current according to equation (2): 

"TO = ireaAum (2) 

The criterion function of the ratio of the read current to the burn current stored in the microprocessor is: 
if G < 150 and if R/B > 0.75 + 0.00VG 

then: The sample is control solution, exclude the data from the memory unit for blood wherein "if.. ..then" is a logic 
function which enables the microprocessor to make a choice according to the result of the comparison set by 
that logic function. 

else: The sample Is blood, input the data into the memory unit for blood, 
else: 

if G > 150 and if R/B > 0.8625 + 0.00025*G 

then: The sample is control solution, exclude the data from the memory unit for blood, 
else: The sample is control solution, input the data into the memory unit for blood. 

[0034] The G and R/B values from the tests illustrated by Figure 1 are: 

35 WB: G = (1 127 - 370.73)/9.33 = 81 mg/dL 

R/B = 1 1 27/1 586 = 0.71 1 <0.75 + 0.001 * 81 = 0.831 

40 Control: G = (955 - 370.73)/9.33 = 63 mg/dL 

R/B = 955/865 = 1.104> 0.75 + 0.001 * 63 = 0.813 



10 
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Upon checking the data obtained from the blood and the'control tests against the criterion function, the samples are 
determined as blood and control by the microprocessor, respectively, and the control data is excluded from the memory 
unit for blood. 



Claims 

50 

1 . An aqueous control solution for testing the performance of an electrochemical sensing device useful for determining 
the concentration of an analyte in a blood sample which sensing device contains a working electrode and a refer- 
ence electrode which working electrode has on its surface a composition comprising an enzyme specific for the 
analyte, a mediator which is a species reduced in response to a reaction between the analyte and the enzyme, 
55 and wherein the concentration of the analyte in the fluid test sample is determined as a function of the current 

measured which passes the working electrode which control solution, comprises: 
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a) a polymeric material which mimics the fluid mechanics of blood; 

b) a predetermined amount of the analyte; 

5 c) a buffering system capable of maintaining the solution's pH at a range of from about 4.8 to about 7.5; 

d) an organic solvent and/or an oxidiz4ng agent 

2. The control solution of Claim 1 wherein the polymeric material which mimics the fluid dynamics of blood is poly- 
1Q ethylene oxide, polyhydroxyethyl methacrylate and polyvinyl pyrrolidone. 

3. The control solution of Claim 1 wherein the buffering system is comprised of citric acid/sodium citrate, phosphoric 
acid or sodium phosphate. 

is 4. The control solution of Claim 1 wherein the material which affects the sensor affects the mediator. 

5. The control solution of Claim 4 wherein the material that affects the mediator to cause a current profile different 
than blood is an organic solvent which results in slower dissolution and/or diffusion of the mediator when the control 
solution Is applied to the sensor than is the case with blood. 

20 

6. The control solution of Claim 4 wherein the mediator is a ferricyanide and the solvent is ethylene glycol, N-meth- 
ylpyrrolidone or N-propanol. 

7. The control solution of Claim 5 wherein the material which causes the current profile different from that of blood 
25 \s an oxidizing agent. 

8. The control solution of Claim 8 wherein the oxidizing agent can be potassium permanganate, potassium perchro- 
mate, potassium dichromate, sodium perchlorate or sodium perchlorate or sodium periodate. 

30 9. A method for testing the performance of an electrochemical sensing device for determining the concentration of 
an analyte in a blood sample which device comprises a meter and electrochemical sensing means wherein the 
method comprises the steps of: 

a) providing the electrochemical sensing device having a sensing means which includes a working electrode 
35 and a reference electrode which working electrode has on its surface a composition comprising an enzyme 

specific for the analyte and a partially reduced mediator which is a species reduced in response to a reaction 
between the analyte and the enzyme; 

b) placing the control solution of any one of Claims 1-9 between the working electrode and the reference 
40 electrode of the sensing means which control solution is capable of electrically connecting these electrodes 

and which control solution contains a known concentration of the analyte and provides a dynamic current 
profile which is distinctly different than that which is provided by a blood sample under similar conditions; 

c) applying a potential between the electrodes to return at least a portion of the mediator back to its oxidized 
45 form to provide a measurable burn current which current is measured; 

d) terminating the potential applied to the electrodes to provide an open circuit for a set delay period; 

e) applying a second voltage between the electrodes and measuring the current and measuring the read 
so current; and 

f) determining the dynamic current profile of the control solution in terms of the ratio of read current to burn 
current which dynamic current profile is distinctly different from the dynamic current profile which would be 
obtained with a blood sample. 

55 
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Patentanspruche 

1 . Wassrige Vergleichs-Losung zum Test des Leistungsvermogens einer elektrochemischen Erfassungsvorrichtung 
zur Bestimmung der Konzentration eines Analyt in einer Blutprobe, wobei die Erfassungsvorrichtung eine Arbeits- 
und eine Bezugselektrode enthalt, wobei die Arbeitselektrode auf ihrer Oberflache eine Zusammensetzung auf- 
weist, die ein fur den Analyt spezifisches Enzym und einen Mediator umfasst, welcher eine in Reaktion auf eine 
" "Reaktion zwtschen-dem Analyt und dem Enzym reduzierte Species 1st, und worin die Konzentration des Analyt in 
• der flusigen Testprobe-als Funktion des gemessenen Stroms bestimmt wird, welcher durch die Arbeitselektrode 
flieBt, wobei die Vergleichs-Lbsung umfasst: 

a) ein polymeres Material, das die fluiden mechanischen Eigenschaften von Biut vortauscht; 

b) eine vorbestimmte Menge des Analyt; 

15 c) ein Puffersystem mit der Befahigung, den pH-Wert der Losung in einem Bereich von ca. 4,8 bis ca. 7,5 zu 

halten; und 

d) ein organisches Losungsmittel und/oder ein oxidierendes Mittel. 

20 2. Vergleichs-Losung gemaB Anspruch 1 , worin das polymere Material, das die fluiden dynamischen Eigenschaften 
von Blut vortauscht, Poiyethylenoxid, Polyhydroxyethylmethacrylat und Polyvinylpyrroiidon ist. 

3. Vergleichs-Losung gemaB Anspruch 1 , worin das Puffersystem aus Zitronensaure/Natriumzitrat, Phosphorsaure 
oder Natriumphosphat zusammengesetzt ist. 
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4. Vergleichs-Losung gemaB Anspruch 1 , worin das Material, das den Sensor beeinflusst, den Mediator beeinflusst. 



5. Vergleichs-Losung gemaB Anspruch 4, worin das Material, das den Mediator beeinflusst, um ein Stromprofil zu 
verursachen, das sich von dem von Blut unterscheidet, ein organisches Losungsmittel ist, das zu einer langsa- 

30 mereren Aufldsung und/oder Diffusion des Mediators bei Anwendung der Vergleichs-Losung am Sensor als im 

Fall mit Blut fuhrt. 

6. Vergleichs-Losung gemaB Anspruch 4, worin der Mediator ein Ferricyanid und das Losungsmittel Eethylenglycoi, 
N-Methylpyrrolidon oder n-Propanol sind. 



7. Vergleichs-Losung gemaB Anspruch 5, worin das Material, das ein Stromprofil verursacht, das sich von dem von 
Blut unterscheidet, ein oxidierendes Mittel ist. 

8. Vergleichs-Losung gemaB Anspruch 7, worin das oxidierende Mittel Kaliumpermanganat, Kallumperchromat, Ka- 
liumdichromat, Kaliumperchlorat oder Natriumperchlorat oder Natiumperjodat ist. 

9. Verfahren zum Test des Leistungsvermogens einer elektrochemischen Erfassungsvorrichtung zur Bestimmung 
der Konzentration eines Analyt In einer Blutprobe, wobei die Vorrichtung ein Messgerat und elektrochemische 
Erfassungsmittel umfasst, worin das Verfahren die Stufen umfasst, In denen man: 

a) die elektrochemische Erfassungsvorrichtung mit einem Erfassungsmittel bereitstelit, das eine Arbeits- und 
eine Bezugselektrode einschlieBt, wobei die Arbeitselektrode auf ihrer Oberflache eine Zusammensetzung 
aufweist, die ein fiir den Analyt spezifisches Enzym und einen teitweise reduzierten Mediator umfasst, welcher 
eine in Reaktion auf eine Reaktion zwischen dem Analyt und dem Enzym reduzierte Species ist, 

b) man die Vergleichslosung gemaB einem der Anspruche 1 bis 8 zwischen die Arbeits- und Bezugselektrode 
des Erfassungsmittels bringt, wobei die Vergleichs-Losung befahigt ist, diese Elektroden elektrisch zu verbin- 
den und eine bekannte Konzentration des Analyts enthalt und ein dynamisches Stromprofil ergibt, das sich 
deutlich von demjenigen unterscheidet, das sich mit einer Blutprobe unter ahnlichen Bedingungen ergibt, 

c) man ein Potenziai zwischen den Elektroden anlegt, um zumindest einen Teil des Mediators zuruck in seine 
oxidierte Form zu bringen, um einen messbaren Brenn-Strom zu ergeben, welcher gemessen wird, 
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d) man das an die Elektroden angelegte Potenzial beendet, um einen offenen Stromkreis fur eine festgelegte 
Verzugsperiode zu ergeben, 

e) man eine zweite Spannung zwischen den Elektroden anlegt und den Strom und den Ablese-Strom misst, 
und man 

f) das dynamische Stromprofil der Vergleichs-Losung als das Verhaltnis von Ablese- zu Brenn-Strom ermittelt, 
wobei sich das dynamische Stromprofil deutlich von dem dynamischen Stromprofil unterscheidet, welches mit 
einer Blutprobe erhalten wurde. 



Revendications 

1 . Solution temoin aqueuse pour tester les performances d'un dispositif de captage eiectrochimique utile pour deter- 
miner la concentration d'un analyte dans un echantillon de sang, dispositif de captage qui contient une electrode 
de travail et une electrode de reference, electrode de travail qui possede sur sa surface une composition com pre - 
nant une enzyme specifique de I'analyte, un mediateur qui est une entite reduite en reponse a une reaction entre 
I'analyte et I'enzyme, la concentration de I'analyte dans I' echantillon de fluide d'essai etant determinee en fonction 
du courant mesure qui passe dans I'electrode de travail, solution temoin qui comprend : 

a) une matiere polymere qui mime la m6canique des fluides du sang ; 

b) une quantite predeterminee de i'analyte ; 

c) un systeme tampon capable de maintenir le pH de la solution dans la plage d'environ 4,8 a 7,5 ; 

d) un solvant organique et/ou un agent oxydant. 

2. Solution temoin suivant la revendication 1 , dans laquelle la matiere polymere qui mime la dynamique des fluides 
du sang est le poly(oxyde d'ethylene), le poly(methacrylate d'hydroxyethyle) et la polyvinyl-pyrrolidone. 

3. Solution temoin suivant la revendication 1 , dans laquelle le systeme tampon est constitue d'acide citrique/citrate 
30 de sodium, d'acide phosphorique ou de phosphate de sodium. 

4. Solution temoin suivant la revendication 1 , dans laquelle la matiere qui a un effet sur le capteur a un effet sur le 
mediateur. 

35 5. Solution temoin suivant la revendication 4, dans laquelle la matiere qui a un effet sur le mediateur pour engendrer 
un trace de courant different de celui du sang est un solvant organique qui a pour resultat une dissolution et/ou 
diffusion plus lentes du mediateur, lorsque la solution temoin est appliquee au capteur, par rapport au cas du sang. 

6. Solution temoin suivant la revendication 4, dans laquelle le mediateur est un ferricyanure et le solvant est I'ethylene- 
40 glycol, la N-m6thylpyrrolidone ou le N-propanol. 

7. Solution temoin suivant la revendication 5, dans laquelle la matiere qui engendre un trace de courant different de 
celui du sang est un agent oxydant. 

45 8. Solution temoin suivant la revendication 8, dans laquelle i'agent oxydant peut etre le permanganate de potassium , 
le perchromate de potassium, le dichromate de potassium, le perchlorate de sodium, le perchlorate de sodium ou 
le periodate de sodium. 

9. Methode pour tester les performances d'un dispositif de captage electrochimtque pour la determination de la con- 
so centration d'un analyte dans un echantillon de sang, dispositif qui comprend un moyen de mesure et un moyen 
de captage electrochimique, ladite methode comprenant les etapes consistant : 

a) a prendre le dispositif de captage eiectrochimique comprenant un moyen de captage qui comprend une 
electrode de travail et une electrode de reference, electrode de travail qui possede sur sa surface une com- 

55 position comprenant une enzyme specifique de I'analyte et un mediateur partiellement reduit qui est une entite 

r6duite en r6ponse a une reaction entre I'analyte et I'enzyme; 

b) a placer la solution temoin suivant Tune quelconque des revendications 1 a 9 entre I'electrode de travail et 
I'electrode de reference du moyen de captage, solution temoin qui est capable de connecter electriquement 
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ces electrodes, et solution temoin qui contient une concentration connue de I'analyte et qui engendre un trace 
de courant dynamique qui est nettement different de celui qui est engendre par un echantillon de sang dans 
des conditions similaires ; 

c) a appliquer un potentiel entre les electrodes pour ramener au moins une partie du mediateur a sa forme 
5 oxydee afin de produire un courant de fonctionnement mesurable, courant qui est mesure ; 

d) a interrompre le potentiel. applique. aux electrodes pour produire un circuit ouvert pendant un temps de 
retard choisl ; 

- e) a appliquer une seconde tension entre les electrodes et mesurer le courant et le courant de lecture ; et 
f) a determiner le trace de courant dynamique de la solution temoin en termes du rapport du courant de lecture 
io au courant de fonctionnement, trace de courant dynamique qui est nettement different du trace de courant 

dynamique qui serait obtenu avec un echantillon de sang. 
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